Based on superconformal tensor calculus in five dimensions, we construct the supersymmetric completion of Gauss-Bonnet combination. We study the vacuum solutions with AdS 2 × S 3 and AdS 3 × S 2 structures. We also analyze the spectrum around a maximally supersymmetric Minkowski 5 .
Introduction
Higher-curvature corrections to the Einstein-Hilbert action naturally arise in the low-energy limit of string theories and play an important role in their compactification [1, 2] where curvature squared terms can appear in the lower dimensional effective action. In this context, higher-curvature corrections take the form of an infinite series required by on-shell supersymmetry which only works order by order. Many attempts have been carried out in the explicit construction of supersymmetric higher-derivative terms. For instance, supersymmetric R 2 terms were studied in [3] - [11] motivated by supersymmetrizing the Lorentz Chern-Simons term that is indispensable to the anomaly cancelation [12] . However, if the higher-curvature terms are treated as perturbative interactions leaving the degrees of freedom and propagator unchanged, only the coefficient in front of R µνρσ R µνρσ has a definite meaning, since a field redefinition of the form g ′ µν = g µν + aR µν + bg µν R (1.1)
can shift the coefficients in front of the R µν R µν and R 2 terms to arbitrary values [13] . On the other hand, there are also situations where it is interesting to consider a finite number of higher-curvature terms on the same footing as Einstein-Hilbert term, since higher-derivative terms can improve the ultraviolet behavior of gravitational theories [21] . Among all the quadratic curvature theories of gravity, the Gauss-Bonnet combination is singled out since it is ghost-free, sharing the similar property with Einstein gravity. Its form is given by
In dimensions D ≤ 6, certain types of off-shell formulation of supergravity are known in which the higher-derivative bosonic terms can be extended to complete and independent super-invariants with only a finite number of terms being required. Progresses on supersymmetrizing the Gauss-Bonnet combination have been made. In four-dimensional N = 1 supergravity, supersymmetric Gauss-Bonnet term with matter coupling was constructed in [14, 15, 16, 17, 18] ; in six-dimensional chiral N = 2 supergravity, partial results on the Gauss-Bonnet super-invariant were given in [19, 20] .
In this work, we study the supersymmetric completion of Gauss-Bonnet combination in five dimensions. We use the five-dimensional superconformal tensor calculus [22, 23] which facilitates the construction tremendously. Since superconformal tensor calculus is an off-shell formalism, the analysis of the higher derivative terms can be done without modifying the supersymmetry transformation rules. The off-shell nature of the supersymmetric invariants allow us to combine different invariants to obtain more general theories.
The crucial observation in our construction of supersymmetric Gauss-Bonnet combination is that although three independent curvature squared terms enter the expression of Gauss-Bonnet combination, such an off-shell construction might be possible with only two independent curvature squared super-invariants. This observation is based on the fact that the Riemann squared invariant obtained in [28] using the Dilaton Weyl multiplet contains an ordinary kinetic term for the auxiliary vector field V ij µ . Thus the Riemann square extended Poincaré supergravity contains a dynamical massive auxiliary vector in its spectrum which forms the same multiplet with the massive graviton generated by the Riemann squared term. By counting degrees of freedom, we notice that it might always be the case (except for the pure Ricci scalar squared invariant) that when formulated in terms of Dilaton Weyl multiplet, the curvature squared super-invariant includes an ordinary kinetic term for the auxiliary vector field V ij µ . Therefore, if there exist two independent curvature squared superinvariants, a particular combination of them can be formed in which the kinetic term for the auxiliary vector vanishes. This implies that there is no massive graviton since the massive vector and massive graviton fall into the same multiplet, suggesting that the curvature squared terms comprise Gauss-Bonnet combination.
Based on the above observation, we start looking for another curvature squared invariant constructed in terms of the Dilaton Weyl multiplet besides the known Riemann tensor squared invariant. An obvious candidate is C µνρσ C µνρσ , which is the superconformal extension of the Weyl tensor squared term whose supersymmetric completion was obtained previously in [24] 1 using the Standard Weyl multiplet coupled to the vector multiplet. Utilizing superconformal tensor calculus, we supersymmetrize the square of super-covariant Weyl tensor. We find that in addition to the Weyl tensor squared term, the bosonic action acquires a Ricci scalar squared term arising from the square of D, which is a fundamental scalar field in the Standard Weyl multiplet but a composite field in the Dilaton Weyl multiplet.
Equivalently, the curvature squared terms in the action take the form of C µνρσ C µνρσ + 1 6 R 2 . Since
the ratio of coefficients in front of the R µν R µν and R 2 terms is -4, which is the required value to obtain the supersymmetric completion of Gauss-Bonnet invariant by combining a Riemann squared invariant with an appropriate coefficient.
This paper is organized as follows. In section 2, we briefly review the superconformal 1 The on-shell theory of this model is derived in [25] .
multiplets of five-dimensional supergravity constructed in [23, 26, 29] . In section 3, we review the construction of the superconformal linear multiplet action [27] and obtain a superconformal action for the Yang-Mills multiplet coupled to the Dilaton Weyl multiplet.
In section 4, we fix the superconformal symmetries to obtain an off-shell Poincaré supergravity and an off-shell Yang-Mills theory coupled to the Dilaton Weyl multiplet. Using a map between the Yang-Mills multiplet and the Dilaton Weyl multiplet [28] , we reconstruct the off-shell supersymmetric Riemann squared action. In section 5, we present the supersymmetric completion of C µνρσ C µνρσ + 1 6 R 2 and combine it with a supersymmetric Riemann squared invariant to obtain the supersymmetric Gauss-Bonnet combination. In section 6, we derive the D = 5 on-shell minimal Einstein Hilbert supergravity and on-shell Gauss-Bonnet extended Einstein-Maxwell supergravity. In section 7, we discuss the vacuum solutions with AdS 3 × S 2 and AdS 2 × S 3 structures. The bosonic spectrum around a maximally supersymmetric Minkowski 5 vacuum is also analyzed. In section 8 we give conclusion and discussions.
Superconformal Multiplets
In this section, we introduce the basic elements of five dimensional superconformal tensor calculus with eight supercharges [23, 26] . In section 2.1, we present the Dilaton Weyl multiplet adopted in our construction. In the subsequent two subsections, we briefly review two superconformal matter multiplets of D = 5, N = 2 theory: the Yang-Mills multiplet and the linear multiplet, which are used as compensator multiplets in the construction of superconformal actions.
Dilaton Weyl Multiplet
In [26] , it was established that there exist two different Weyl multiplets for N = 2 conformal supergravity in five dimensions: the Standard Weyl multiplet and the Dilaton Weyl multiplet. These two multiplets have the same contents of gauge fields but different matter fields. However, the matter fields of the Standard multiplet can be built from the fundamental fields in the Dilation Weyl multiplet as composite fields. The gauge sector of the Dilaton Weyl multiplet consists of a fünfbein e µ a , a gravitino, ψ µ i , the dilatation gauge field b µ , and the SU(2) gauge field V ij µ . Since these gauge fields account for 21(bosonic) +24 (fermionic) degrees of freedom, they cannot form a super-multiplet. Therefore, matter fields are needed to comprise a superconformal Weyl multiplet. For the Dilaton Weyl multiplet, the matter sector consists of a physical vector C µ , an antisymmetric two-form gauge field B µν , a dilaton field σ and a dilatino ψ i . The Q, S and K transformation rules for the Dilaton Weyl Multipet are given by [26] 
where 2) and the supercovariant curvatures are defined according to
In above expressions,
. Note that G µν and H µνρ are invariant under following gauge transformations
The definitions of spin connection ω µ ab and the S-supersymmetry gauge field φ i µ are given in [26] 
where R i µν (Q), the supercovariant curvature of gravitino is defines as [26] 
For future reference, we also give the supercovariant curvature of ω µ ab and V
The Q-and S-transformations of the field strengths G µν and H abc are presented in [26] δ
The expressions for the composite fields T ab , χ i and D are given as follows [26] T ab = 9) where the superconformal d'Alambertian for σ is given by
The notation R ′ (M ) indicates that we have omitted the f µ a term in R(M ). It was established in [26] that one can also construct another Weyl multiplet, the Standard Weyl multiplet if considering T ab , D and χ i as fundamental fields instead as a matter sector in addition to the gauge sector of the Weyl multiplet. Therefore, the composite expressions of these fields establish a map from the Dilaton Weyl multiplet to the Standard Weyl multiplet. We refer to [26, 27] for readers interested in the derivation of this map and the five-dimensional Weyl multiplets in superconformal theory. For later convenience, we also present the Q-and S-transformations of the composite fields [26] 11) where the supercovariant derivatives of the composite fields are
Yang-Mills Multiplet
The off-shell non-abelian D = 5, N = 2 vector multiplet consists of 8n (bosonic) + 8n ( fermionic) degrees of freedom (where n is the dimension of the gauge group). Denoting the In the background of the Dilaton Weyl multiplet, the Q-and S-transformations of the fields in the vector multiplet are given by [29] 
The superconformally covariant derivatives used here are
14)
where the supercovariant Yang-Mills curvature is given as
Linear Multiplet
The off-shell D = 5, N = 2 linear multiplet contains 8 (bosonic)+8 (fermionic) degrees of freedom carried by the following fields
The bosonic fields are an SU(2) triplet L ij = L (ij) , a constrained vector E a and a scalar N .
The fermionic fields are given by an SU(2) doublet ϕ i . In the background of the Standard
Weyl multiplet, the Q-and S-transformations of the fields in the linear multiplet are given by [27] 
where the super-covariant derivatives are defined as
The closure of the superconformal algebra requires that the following constraint must be satisfied
Thus E a can be solved in terms of a 3-form E µνρ as
where E µνρ is invariant under the following gauge transformation
We can also express E µ and E µνρ in terms of a 2-form potential according to [27] 
The supersymmetry transformations of the 2-form gauge field E µν and 3-form gauge field E µνρ are given in [27] 
Superconformal Actions
In this section, we review the derivation of the superconformal action for the linear multiplet [27] , and construct a superconformal action for the Yang-Mills multiplet. We begin with the following super-invariant density formula [23] 
Linear Multiplet Action
In this section, we construct the vector multiplet in terms of fundamental fields of the linear multiplet and the Dilation Weyl multiplet, and obtain an action for the linear multiplet by using vetor-linear Lagrangian (3.2). Firstly, the scalar ρ in the vector multiplet can be constructed from the elements of linear multiplet as follows [27] 
Using this expression and applying a sequence of supersymmetry transformations, we obtain the full expressions for the components of vector multiplets in terms of elements in the linear multiplet [27] 
Substituting above composite expressions into the vector-linear Lagrangian (3.2), one obtains the superconformal action for the linear multiplet [27] 
where the complete expression for the superconformal d'Alembertian is defined as
Fermionic contribution to above action can be straightforwardly read from the formulae given in (3.4).
Yang-Mills Multiplet Action
This subsection is devoted to construct a superconformal action describing a vector multiplet coupled to a Dilaton Weyl multiplet. Such an action was previously obtained in [23] using the Standard Weyl multiplet and applied in [24] to derive an off-shell Poincaré theory.
Another use of the vector multiplet action was established in [26, 27] , where the vector multiplet action in the Standard Weyl multiplet background was used to derive the map between the Standard Weyl multiplet and the Dilaton Weyl multiplet.
Similar to the construction of a linear multiplet action, we can use the density formula (3.1) to obtain an action for an abelian vector multiplet coupled to a Dilaton Weyl multiplet.
Based on the action for an abelian vector multiplet, we derive the action for a Yang-Mills multiplet coupled to the Dilaton Weyl Multiplet.
We start from the following identification
This identification, however, has the wrong Weyl weight and fails to satisfy the S-invariance of L ij (See Appendix B for the Weyl weights of the fields). The one with the right Weyl weight and invariant under the S-transformation is given by
After employing a sequence of Q-and S-transformations to (3.8), we obtain the full expressions for the components of linear multiplet in terms of the fields in the vector multiplet and Dilaton Weyl multiplet
Inserting above expressions into density formula (3.1), we derive an action for an abelian vector multiplet coupled to a Dilaton Weyl multiplet. Generalization of the action for abelian vector multiplet to that for Yang-Mills multiplet is straightforward. The result is
given by 
4 Gauge Fixing and Off-Shell Actions
In the previous section, we have obtained superconformal actions for a linear multiplet and Yang-Mills multiplet. In this section, we fix the redundant superconformal symmetries to obtain off-shell supersymmetric theories including a Poincaré supergravity and Yang-Mills coupled to the Dilaton Weyl multiplet.
As discussed in [30] for the four-dimensional case and in [24] for the five-dimensional case, the construction of a consistent Poincaré supergravity requires more than one compensator multiplet if the Standard Weyl multiplet is adopted. However, if the Dilaton Weyl multiplet is utilized, a single compensator multiplet is sufficient to construct a consistent Poincaré supergravity. As we will present shortly, a consistent Poincaré supergravity is obtained via gauge fixing the superconformal linear multiplet action [27] instead of the vector multiplet action. The latter cannot give rise to a supergravity theory due to the lacking of EinsteinHilbert term in the action.
In section 4.1 we present our gauge choices and the corresponding decomposition rules.
Imposing these gauge choices in the superconformal action, we obtain an off-shell Poincaré supergravity in section 4.2. In section 4.3, we first present an off-shell action describing
Yang-Mills coupled to a Dilaton Weyl multiplet. Then, using a map between Yang-Mills multiplet and Dilaton Weyl multiplet [28] , we obtain an off-shell Riemann tensor squared invariant. Different from [28] where the five-dimensional Riemann squared invariant is obtained via circle reduction of the six-dimensional Riemann squared invariant, our construction of the Yang-Mills action is purely based on the superconformal tensor calculus.
Gauge Fixing and Decomposition Rules
In this section, we introduce our gauge choices to fix the redundant superconformal symmetries in order to obtain off-shell supersymmetric theories. If we do not insist on the canonical Einstein-Hilbert term in the action, there exists a set of gauge choices facilitating the derivation of curvature squared invariant. These gauge choices are 2
The first gauge choice breaks the SU(2) R down to U(1) R whereas the second one fixes dilatations, the third one fixes special supersymmetry transformations and the last one fixes conformal boosts. After fixing the gauge, the remaining fields are
To maintain the gauge (4.1), the compensating transformations are required including a compensating SU(2), a compensating special supersymmetry and a compensating conformal boost with parameters (up to cubic fermion terms)
Off-Shell Poincaré Theory
Imposing the gauge fixing conditions (4.1) in the linear multiplet action (3.5), one can obtain a consistent Poincaré supergravity whose action is given by 3
Notice that we have decomposed the field V ij µ into its trace and traceless part as
The Poincaré supergravity presented above is invariant under the following supersymmetry transformation rules (up to cubic fermion terms)
where we have used the torsionful spin connection [28] ω
and the supercovariant curvatures under the gauge (4.1) are [28] 
(4.10)
Riemann Squared Action
In this section, we construct the supersymmetric Riemann squared action. To begin with, we shall review a map between the Yang-Mills super-multiplet and a set of fields in the Poincaré multiplet (4.2).
In establishing the map between Yang-Mills and Poincaré multiplets, it is important to consider the full supersymmetry transformations, including the cubic fermion terms which have been omitted so far. In the following, we shall need the full supersymmetry transformation rules for the fields (e µ a , ψ i µ , V ij µ , C µ , B µν ). Up to cubic fermions, the transformation rules of (e µ a , ψ i µ , V ij µ , C µ , B µν ) are already given in (4.6). In this section, we will, however, keep the complete SU(2) symmetry, i.e. we do not impose
Lδ ij . In this way we do not need to accommodate for the compensating SU(2) transformations proportional to λ ij 4 . The full version of the supersymmetry transformations are given by [28] 
Next, we consider the following supersymmetry transformations [28] δω µ where R abcd (ω + ) denotes the super-covariant curvature of the torsionful connection ω + . In 
We now compare the above transformation rules with those of the D = 5, N = 2 Yang-Mills multiplet [28] δA
where F I µν and D µ ρ I can be found in (2.16) and (2.14) by imposing the gauge choices (4.1)
We observe that the transformations (4.12) and (4.14) become identical by making the following identifications [28] (A Setting a IJ = δ IJ and imposing the gauge fixing conditions (4.1) in action (3.10), we obtain
Finally, using the map (4.16) in above action (4.17), we obtain the supersymmetric Riemann squared action. Its purely bosonic part is given as
We notice that the actions (4.17) and (4.18) obtained via superconformal tensor calculus match with those derived through the circle reduction of six-dimensional actions [28] .
Supersymmetric Gauss-Bonnet Combination
In this section, we shall construct the supersymmetric completion of the Gauss-Bonnet
According to the usual routine, one may think of constructing three independent curvature squared super-invariants first, then combining them with proper coefficients to form a supersymmetric Gauss-Bonnet combination. However, as we mentioned before, two independent curvature squared invariants may be enough to obtain the supersymmetric completion of Gauss-Bonnet combination based on counting the degrees of freedom and the cancelation of the kinetic term for the auxiliary vector V ij µ . This section is devoted to construct another curvature squared invariant.
We start from the conventional constraint imposed on the supercovariant curvature of ω µ ab [23, 26] 
where R µν ab (M ) is defined in (2.7). The conventional constraint (5.2) implies that the supercovariant curvature of ω µ ab gives the Weyl Tensor, which is defined as
Its square is
In the rest of this paper, we use C µνρσ to denote the superconformally covariant Weyl tensor instead of R µν ab (M ). Because the off-shell supersymmetric Riemann squared invariant is known, the Gauss-Bonnet super-invariant can be obtained by combining the Riemann squared invariant with another curvature squared invariant in which the curvature squared terms take the form
Although, none of the terms in (5.5) is a supercovariant quantity, we can replace (5.5) by the following supercovariant expression
since the composite field D (2.9) under the gauge choices (4.1) reads
Therefore, if (5.6) can be supersymmetrized, we will get the desired the curvature squared terms in (5.5). When carrying out the supersymmetrization of (5.6), we find that in fact, the D 2 term is indispensable to the supersymmetrization of the Weyl tensor squared term, moreover, the relative coefficient between the Weyl squared term and the D 2 exactly matches with the one in (5.6), the magical 512 3 . In the next section, we give the details of the construction.
5.1
Supersymmetrization of C µνρσ C µνρσ
In this section, we first supersymmetrize the square of Weyl tensor by using (3.2) in which the fields of linear multiplet are expressed as composites in terms of fields in Dilaton Weyl multiplet. We notice that to obtain the Weyl tensor squared term, N should begin with C µνρσ C µνρσ . The complete expression for N include a term 512 3 D 2 . After expanding D in terms of independent fields, we find that the curvature squared terms take the form of C µνρσ C µνρσ + 1 6 R 2 , which is different from those in the supersymmetric completion of C µνρσ C µνρσ considered in [24] by using Standard Weyl multiplet where D is merely an auxiliary field. We obtain full composite expressions for the fields of linear multiplet in terms of fields in the Dilation Weyl multiplet as
where the following notations are introduced for simplicity
Under the gauge choices (4.1)
where ∇ µ only contains the usual spin connection
To obtain (5.8) we have used the Q-and S-transformations of supercovariant curvatures which can be found in [26] . Substituting the composite expressions (5.8) into the density formula (3.2), we obtain the following action
where
This action (5.12) describes the coupling between an external vector multiplet and Dilaton
Weyl multiplet. If we simply combine above action with the Riemann tensor squared invariant, we are not able to obtain the supersymmetric Gauss-Bonnet combination since the curvature squared terms in (5.12) is multiplied by ρ which stays the same after imposing the gauge choices (4.1). By comparing the superconformal transformation rules of vector
with those of (σ, C µ , ψ i ) in the Dilaton Weyl multiplet 15) we notice that there exists a map from vector multiplet to (σ, C µ , ψ i )
Using (5.16), we obtain the supersymmetrization of C µνρσ C µνρσ purely based on the fields of Dilaton Weyl multiplet
Imposing the gauge fixing conditions (4.1), we obtain
Supersymmetric Completion of Gauss-Bonnet Combination
In previous sections, we obtained the supersymmetric completion of Einstein-Hilbert, Riemann tensor squared and Weyl tensor squared actions. Because of the off-shell nature of these invariants, we can combine them to form a more general theory with two free
The Gauss-Bonnet combination corresponds to case with β = 3α in which the kinetic term of auxiliary vector V ij µ vanishes. Using β = 3α, the purely bosonic part of Lagrangian (5.21) takes the form
We notice that the ratio of the coefficients in front of the Gauss-Bonnet combination and the Chern-Simons coupling ǫ µνρσλ C µ R νρδτ R σλ δτ is 1 2 which is consistent with the value resulting from the circle reduction of the partial results given in [19, 20] on the six-dimensional supersymmetric Gauss-Bonnet combination.
On-Shell Theory
In this section, we study the on-shell theory of the Gauss-Bonnet extended supergravity to first order in α upon eliminating the auxiliary fields. In section 6.1, we present the minimal on-shell Poincaré supergravity by eliminating the the auxiliary fields (E µνρ , V µ , N, V µ ′ ij ) and truncating the matter multiplet (B µν , L, ϕ i ). In section 6.2, we obtain the on-shell GaussBonnet extended Einstein-Maxwell supergravity to first order in α by using the equations derived from the 2-derivative Lagrangian that is zeroth order in α.
On-Shell Poincaré Supergravity
To eliminate the auxiliary fields (N, P a , V µ , V µ ′ ij ), we use their equations of motion
where φ is a Stueckelberg scalar. Eliminating this scalar by using the shift symmetry transformation and using the second equation in (6.1), we obtain 5
It follows that the corresponding on-shell theory is given by
To truncate out the matter multiplet (B µν , L, ϕ i ), we first dualize B µν to a vector fieldC µ by adding the following Lagrange multiplier to (6.5) 6) and replacing
. The field equations ofC µ and B µνρ imply that
Substituting (6.7) to (6.5), we obtain the on-shell ungauged Einstein-Maxwell supergravity 8) where (e µ a , ψ i µ , C µ ) constitute the supergravity multiplet while (C µ , ϕ i , L) comprise the Maxwell multiplet.
Truncation of the Einstein-Maxwell theory to the minimal on-shell theory can be implemented by imposing 9) which is consistent with the equations of motion 10) and leads to the following transformation
The resulting action coincides with the minimal on-shell supergravity in five dimensions
The canonical kinetic term of C µ can be recovered by a scaling C µ → 2 √ 6 C µ .
On-Shell Gauss-Bonnet Extended Einstein-Maxwell Model
With the Gauss-Bonnet combination added, the duality relation (6.7) and truncation condition must receive corrections proportional to the powers of α, if we consider a pertubative expansion valid when the energy scale Λ satisfies Λ 2 ≪ 1/|α|. We follow the procedure of [31] . Schematically, the off-shell action (5.22) takes the form
It follows that the auxiliary field equations (6.1) -(6.2), the field equation for B µνρ (6.7)
as well as the truncation equation (6.9) must receive corrections proportional to α. The solution to those equations can be expressed in terms of a series expansion in α
where φ 0 is the solution to the zeroth order equation given in previous section. As a consequence, the on-shell action possesses the form
In the above equation, S ′ 0 [φ 0 ] = 0 when φ 0 is an auxiliary field or a Lagrangian multiplier. We eliminate the auxiliary fields and Lagrangian multiplier B µνρ by plugging their zeroth order solutions to the action (5.22). Ultimately we derive the on-shell Gauss-Bonnet extended Einstein-Maxwell theory 6 16) where T µν and ω +µ ab are now given by
Vacuum Solutions and Spectrum Analysis
In this section, we investigate the vacuum solutions and spectrum to the general theory (5.21). The results for Poincaré supergravity extended by Gauss-Bonnet combination can be obtained as special case when β = 3α.
Vacuum Solutions with 2-form and 3-form Fluxes
We first consider solutions with AdS 3 × S 2 structure. To solve the equation of motion, we make the following ansatz where Greek indices denote the coordinates on Lorentzian AdS 3 , while latin indices stand for the coordinates on S 2
In above equation, ε µνρ and ε rs are the Levi-Civita tensors on AdS 3 and S 2 respectively.
The full set of equations of motion are solved provided that the following equations are
The integrability conditions for the Killing spinor equations δ ǫ ψ i µ = 0 and δ ǫ ϕ i = 0 are
whereμ,â = 0, 1, . . . 4. Substituting the ansatz (7.1) into the integrability conditions (7.3),
we find that when Thus it seems that the higher derivative correction will not affect the supersymmetric solutions. A similar phenomenon happens in 6D chiral gauged supergravity extended by Riemann squared invariant [33] . Next we investigate solutions with AdS 2 × S 3 structure.
We make similar ansatz as previous case except that Greek indices denote the coordinates on Lorentzian AdS 2 , while latin indices are used for the coordinates on S 3
In this case, the solutions of equation of motion are determined by
By examining the integrability conditions (7.3), we find that solution with maximum supersymmetry is given by
for arbitrary values of L 0 , α, β.
Vacuum Solutions Without Fluxes
If we set c = d = 0, the solutions are simply
In this case, the maximally supersymmetric vacuum solution is just Minkowski 5 . Following the procedure carried out in the spectrum analysis of six-dimensional higher derivative chiral supergravity [33, 34] , we study the bosonic spectrum of the perturbations around the maximally supersymmetric Minkowski 5 vacuum. We define the linearized fluctuations,
The linearized Einstein equation and L field equation take the following form Then using the (7.11) and (7.12), we find (✷ − m 2 )✷h µν = −2L
Since φ can be solved from (7.12), the right hand side of above equation is known function.
The homogeneous solutions of above equation describe a massless graviton and a massive graviton with a mass squared the same as that of the massive scalar.
Equations of motion for the remaining fields can be straightforwardly obtained by choosing the Lorentz gauge for the gauge fields In summary, for generic α, β, the full spectrum consists of the (reducible) massless 12+12 supergravity multiplet with fields (h µν , b µν , c µ , φ, ψ i µ , ϕ i ) and a massive 32+32 supergravity multiplet with ghost fields (h µν , b µν , c µ , φ, v ij µ , ψ i µ , ϕ i ). At the special point where β = 3α, the curvature squared terms in the action furnish the Gauss-Bonnet combination, massive particles become infinitely heavy and decouple from the spectrum leaving only the massless excitations as expected from the ghost-free feature of Gauss-Bonnet combination.
Conclusion and Discussions
Using the superconformal tensor calculus in five dimensions, we have constructed an off-shell theory with four parameters e −1 L = L LR + ξL YM | σ=1 + αL Riem 2 + βL σC 2 | σ=1 + ζL ρR 2 | σ=1 .
The supersymmetric Gauss-Bonnet extended Poincaré theory corresponds to the case where ξ = ζ = 0 and β = 3α. Although the auxiliary fields do not propagate in this model, they can be eliminated order by order in α. We obtain the on-shell theory of this model to first order in α. The maximally supersymmetric solutions to the ordinary 2-derivative EinsteinMaxwell supergravity are known including Minkowski 5 , AdS 3 ×S 2 and AdS 3 ×S 2 . We found that these solutions are not modified by the inclusion of the higher-derivative interactions proportional to α and β for arbitrary values. The spectrum of this theory around the maximally supersymmetric Minkowski 5 is determined. We show that the spectrum has a ghostly massive spin two multiplet in addition to a massless supergravity and a Maxwell vector multiplet. However, when β = 3α corresponding to the Gauss-Bonnet combination, the massive spin-2 multiplet decouples.
Our off-shell model is ungauged and therefore does not admit AdS 5 as a supersymmetric vacuum solution.
The gauging of our model should be interesting. A further question is the matter couplings of this theory. Since neither "very special geometry" [35, 36] , nor "quaternionic Kähler geometry" [29] arise naturally in our model via the gauge fixing condition (4.1), it would be interesting to investigate how the scalars in the vector multiplet and hypermultipet are constrained and what kind of geometries arise. Finally, we hope to generalize our construction to D = 6, N = (1, 0) off-shell supergravity to derive the supersymmetric completion of the Gauss-Bonnet combination in six dimensions.
A Notations and Conventions
In this paper, we use the conventions of [26] . The signature of the metric is diag(−, +, +, +, +).
The SU(2) indices are lowered or raised according to NW-SE convention Changing the order of spinors in a bilinear leads to the following signs
where t 0 = t 1 = −t 2 = −t 3 = 1. We also used the following Fierz identity 
B Multiplets of Five Dimensional Superconformal Gravity
In this appdendix, we give the SU (2) 
